n HPLC separation method combined with fluorometric ietection was extended to enable simultaneous assess-'nent of plasma 3H-labeled and endogenous epinephrine E) and norepinephnne (NE). Forearm fractional extracion (FFE) of 3H-labeled E and NE and of endogenous E as measured in 40 healthy volunteers who were receivng a continuous infusion of 3H-labeled E and NE. Conentrations of arterial and venous E were 26.8 ± 1.95 mean ± SE) and 6. 
ng/L could be detected. In the present study, we concentrated plasma extracts to assess the sensitivity and accuracy of the proposed assay. The rationale of the present study, however, was to investigate whether the high sensitivity and accuracy for assessment of endogenous E achieved with this new method, combined with simultaneous separation and measurement of 3H-E, supports the possibility of performing kinetic studies of E under physiological conditions. Therefore, we compared the forearm fractional extraction (FFE) of 3H-E vs endogenous E, on the assumption that FFE of endogenous E would equal, or at least be close to, that of infused 3H-E.
Materials and Methods

Subjects and Sampling
Forty volunteers
(ages 37 ± 6 years, mean ± SD) participated in the study. All subjects gave their written informed consent. The study protocol was approved by the Hospital Ethics Committee. To these fractions was added 8 mL of scintillation fluid (Aqualuma; Lumac-LSC BV, Groningen, The Netherlands).
The 3H-E and 3H-NE radioactivities were counted for 20 mm in a Packard Tri-Carb 460 C liquid scintillation counter (background count rate, 11.7 ± 0.4 counts/mm; efficiency, 40%).
Sample Preparation and Chromatography
The present laboratory procedure, an extension of the procedure described by van der Hoorn et al. (10), includes specific measurement of infused tracers in the same eluate.
Each assay run included a standard mixture of NE (250 ng/L), E (250 ng/L), and dopamine (DA, 500 ng/L); a reagent blank; a control plasma; the venous and arterial plasma samples; and the 3H-E an 3H-NE infusates from an experiment in one subject. T different glass tubes were added 1 mL of the standar mixture in 0.01 molJL HCI (A), 1 mL of 0.01 mol/L HC (B), or 1 mL of control plasma or 1 mL venous o arterial plasma (C). We then added 50-j.L aliquots o 3H-E or 3H-NE infusate to 1 mL of venous baselin plasma sample that had been collected before 3H-E an 3H-NE were infused (D), or to 1 mL of 0.01 mol/L HC (D'). To each of these tubes we added 250 L (500 pg of isoproterenol (IP) solution as internal standard Another 50 L of 3H-E or 3H-NE infusate was pipette into a counting vial for direct measurement of the 3H-and 3H-NE (RT). Using these solutions, we determined the procedural recoveries of 3H-E and 3H-NE, and investigated the effect of the plasma matrix on th measurement of 3H-E and 3H-NE. Extraction of catecholamines was performed as described previously (10), but with the following modifications. We used only one-half of the previous volumes of reagents for the liquid-liquid extraction and made the final extraction of the CA with 37.5 .tL of 0.08 mollL acetic acid. To convert the CA into their diphenyl-quinoxalin derivatives, we successively added 50 L of acetonitrile, 12.5 j.tL of 1.75 molJL Bicine (pH 7.05), and 25 L of 1,2-diphenylethylenediamine solution (0.1 moIIL in 0.1 molIL HC1), started the reaction by adding 5 tL of potassium ferricyanide (20 mmoIJL in distilled water), and incubated the mixture for 60 mm in a closed oven at 37 #{176}C. After derivatization, we injected 120 jiL of the solution into the chromatographic system.
Assay Performance
To obtain "zero" plasma, we heated pooled plasma from healthy volunteers at 37 #{176}C until NE, E, and DA detector responses had become equal to the response ol reagent blank. For assessment of lower detection limits, we added to this zero plasma (a) 1 ng/L NE and E and 2 ngfL DA and (b) 2 ng/L NE and E and 4 ng/L DA. To these two samples as well as to the zero sample we then added 250 L (500 pg) of the IP solution and assayed each sample five times.
Within respectively. The CVs of these latter ratios (2.6% and 2.8%, respectively) reflect the interassay CVs for the radiolabeled compounds with high count rates. The purity of each batch of(underivatized) radiotracers was >99%.
In all instances where CA had been added, peaks corresponding to the fluorescence signal of derivatized NE, E, and DA could be readily identified.
Retention times varied, with CVs of 0.4%, 0.8%, and 0.7% for NE, E, and DA, respectively.
CVs for E and DA could be further reduced to 0.2% and 0.3%, respectively, by normalization, with the retention times of IP in the corresponding chromatograms. The 99% confidence intervals of these retention times were calculated to allow us to classify the very small apparent peaks that were discernible in the chromatographs of the zero plasmas as representing either residual CA or baseline noise. In only one of five observations on zero plasmas was the "peak" retention time within those confidence limits. Thus we concluded that these apparent peaks must be classified as baseline noise. In all instances, responses for plasmas containing 1, 2, and 4 ng/L CA were much higher than the zero response and were close to expected values (Fig. 2) . In addition, the differences between 1 and 2 ng/L and between 2 and 4 ng/L were highly significant (P <0.001) ( (Table 2) . Betweenrun precision, assessed over 1.5 years in 52 different assays of a control pooled plasma, was as follows (mean ± SD, CV%): NE, 173.3 ± 14.7 (8.5%); E, 28.0 ± 2.03 (7.2%); and DA, 18.1 ± 2.15 (11.9%) ng/L.
For assessment of accuracy, 250 ng/L NE and E and 500 ngfL DA were added to sample 3 (Table 2 ). Of these additions 99.9% ± 2.6%, 104.6% ± 3.2%, and 101.7% ± 1.7%, respectively, were found. Additions of 250 ng/L NE, E, and DA to the zero plasma were made in 10 replicates each. We found (mean ± SD) 94.9% ± 5.0%, 98.6% ± 3.6%, and 94.0% ± 4.4%, respectively, of the added materials.
To sample 2 ( 
Plasma Catecholamine Values in Subjects at Rest
A total of 40 arterial and 40 venous plasma paired samples were obtained 60 mm after installing the cannulae.
From the concentrations of 3H-E and 3H-NE and endogenous E, we could calculate fractional extraction (see above). Mean and SE of these concentrations are shown in Table 3 . Expressed in ng/L (mean ± SD, n = 5). Table 2 . Within-run varia tion of assay for plasma samples. with still another sample to which high count rates of 3H-CA had been added and assessed with sample D as a calibrant (Eq. 1). This is because, as inspection of Eqs. 1 and 2 shows, the quotient is subject to the same sources of variation, the only exception being the much lower count rates in the plasma samples (C) obtained after infusion of 3H-CA. At these low count rates, counting error contributes to or even dominates the overall variation.
It can be shown that, with a counting error of 6% or higher, the contribution of the other sources of variation, as reflected by the CV of quotient Q, becomes negligible (<10%). Because this counting error of the activities in these plasma samples (C) with the lowest measured count rate is -7% (achieved by counting the radioactivity of these samples for 20 mm), the CV of the radioactivity measurement in these plasma samples is expected to be -7%.
A high degree of purity of the tracers before processing is a necessary prerequisite for validity of the determination of 3H-CA. Damage occurring during derivatization and separation, however, leads only to lower procedural recovery, which then is completely compensated for in Eq. 1, which follows the same internal standard principle as for determinations of unlabeled CA. Additionally, the conversion of the CA into diphenylquinoxalin derivatives involves only the dihydroxy groups on the catechol nucleus and therefore will not displace the tritium label from the catechol nucleus or anywhere else on the molecule. Optimal derivatization conditions differ considerably between the three CAs. Conditions leading to an optimal recovery of one CA may lead to lower recovery of another.
Because the differences between the plasma concentrations are obvious and require higher recoveries for the lower-concentration substances, the conditions chosen for the present study are a compromise that produces acceptable, though not optimal, recoveries for all three CAs.
The bulk of plasma E is derived from adrenal medullary secretion.
Synthesis of E in the central nervous system does not lead to release into plasma. It has been suggested that E is coreleased with neuronal NE from sympathetic nerves after uptake into sympathetic nerves from the circulation (13). Such neuronal release of E, however, has been demonstrated only in the heart at very high rates of nerve stimulation, but not in unstimulated skeletal muscle (14). Therefore, inas-much as no difference in kinetics between exogenous 3H-substituted and unmodified E could be demonstrated (9), we anticipated that the FFE of endogenous E would equal or at least be close to that of infused 3H-E, and indeed, in this study only a small difference was observed.
The origin of this small but significant difference between FFE of administered and endogenous E of -5% is uncertain.
First, the possibility of an assay artifact has to be considered.
A systematic error averaging 1.7 ng/L in the estimations of venous E could account for this difference.
However, even in the case of venous E estimation, such an error is unlikely because these amounts are well above the detection limit and in a concentration range with intraassay CV not expected to exceed 10%. Second, there might still be an isotope effect, too small to be detected by this approach, as reported by Eisenhofer et al. (9). Third, if the rate of equilibration of the neuronal E pool lags somewhat behind that of the arterial pool of E, a smaller proportion of 3H-E entering the neuronal pool will be returned into the venous compartment than for endogenous E.
This would account for the observed difference in 3H-E and endogenous E FFE. Finally, this difference could be explained by actual net release of endogenous E from the neuronal pool (spillover).
The present technique is quite well suited for addressing this subject as well as for other studies on CA kinetics.
